Genetic integrity of distinct local fish populations is being compromised in face of growing anthropogenic interventions and environmental degradation. The present study examined the genetic structure of Rohu, Labeo rohita in riverine populations of Punjab, Pakistan, as influenced by anthropogenic interventions. Average 25 fish specimens were collected from each target site. Fifteen microsatellite markers with varying levels of polymorphism were employed for PCR amplification of target loci. The results revealed moderate level of genetic diversity in riverine populations. A total of 70 alleles with an average of 4.6 alleles per locus were detected on fifteen heterologous microsatellite loci. Observed heterozygosity varied from 0.5786 up to a maximum of 0.6293. The average value of FIS ranged from 0.086 to 0.1835. About 33% of the total locus-pair combinations showed significant deviations from HWE (P<0.05, P<0.01, P<0.001) with apparent heterozygote deficits. The results of AMOVA showed that 90.40% genetic variation existed at the intra-population level while 9.12% at inter-populations level. The UPGMA dendrogram revealed that the populations clustered onto two major branches by showing their genetic relatedness partially following their geographic distribution. The dwindling populations of the species in natural resources of Pakistan demand critical efforts to conserve the genetic diversity.
INTRODUCTION
In an ever-changing environment, genetic diversity assures the species fitness by providing potential to cope effectively with environmental challenges and natural selection pressure. Biological diversity of any species is dependent on the phenotypic plasticity and adaptability of its populations to the natural environment and anthropogenic interruptions. Environmental hazards such as floods, climatic change, and human interventions including hydrological alterations, pollution, introduction of exotic species, and overfishing are major factors effecting the survival of fish species during last several decades (Vandewoestijne et al., 2008) . The major carp L. rohita, locally known as 'Rohu' is the member of family Cyprinidae and belongs to the top ten most commercially valuable species of aquaculture in the world. It is widely distributed in riverine systems of Pakistan (Rafique and Khan, 2012) . Like many other aquaculture species in Pakistan, Rohu (L. rohita) aquaculture is facing issues with regard to seed quality including poor genetic management of brood stock. A very little genetic information is available about this species in Pakistan. Currently, the natural seed production of L. rohita has been reduced with contribution level less than one percent. The L. rohita population in riverine system of Punjab has been threatened by a wide range of factors but genetic diversity of this species has declined mainly due to anthropogenic interruptions that include the species introductions, impoundment of rivers, habitat degradation, water quality deterioration, and overexploitation. Anthropogenic intervention is the most important factor contributing towards loss of genetic resources of fish populations in the wild (Frankham, 2003) . The hydrological alterations and increased human intervention during past years has resulted in loss of spawning, breeding and nursing grounds in natural water bodies. Dams construction interrupt the migration of many fish species and thus interfere with their life cycles (Agosthinho et al., 2008) . The pollution adds to the problem by reducing the rate of survival of fish spawn. Among other human interventions, are the siltation due to deforestation and merciless catching of brood fish during breeding season attributing to decline of fish populations in wild (Collares-pereira and Cowx, 2004) . Moreover, the traditional breeding operations in hatcheries and natural population size reductions have detrimental genetic consequences causing loss of growth potential, disease resistance and stress tolerance. Since 1998, there has been consistent decline in fish production by 2% per year from natural sources in Pakistan (MinFAL, 2007) . Wild fish stocks have been heavily overfished, resulting in a noticeable leveling of fish landing during last decade (FAO, 2014) . Genetic variation is very necessary as it ensures the fitness and evolvability of population to the ever changing environment (Ullah et al., 2015) . Therefore, knowledge on the genetic structure of populations is important to avoid the ecological damage and to make certain the sustainable and effective management of exploited stocks. Molecular markers have been developed, allowing the genetic analysis of economically important fish for conservation and genetic management. In fisheries and aquaculture research, microsatellite markers are suitable for versatile applications especially in limited, within and between population genetic differentiations (Yousefian and Laloei, 2011) . These markers are widely used due to their unique features e.g. high level of polymorphism, fast detection protocol and relatively small size. These markers can be utilized in fisheries for individual identification, parentage identification, brood stock management; marker-assisted breeding programs, studies on population differentiation and to construct genetic linkage maps (Chistiakov et al., 2006) . These advantages make microsatellites valuable markers for examining population structure of different species. Polymorphic microsatellite DNA markers, isolated and characterized for L. rohita (Naish et al., 1998; Barman et al., 2003) could be used to investigate the genetic status of the species. The information on the current genetic status of the species would be helpful in making policy decisions, for preservation of genetic resources and effective management of natural populations.
MATERIALS AND METHODS
Sampling and DNA extraction: Total 25 individuals of L. rohita were sampled from each riverine population (Fig. 1) . Samples of the fish were preserved in ice boxes and transferred to Aquaculture Biotechnology laboratory, University of Agriculture, Faisalabad. To extract genomic DNA from muscle tissues, Chloroform-Isoamyl-Alcohol method was used following Yue and Orban (2005) . Microsatellite loci amplification: The characteristics of the microsatellite DNA markers used in the present study have been summarized in the Table 1 . For the fifteen L. rohitaspecific microsatellite loci, the oligo primers Lr1, Lr3, Lr6, Lr10, Lr12, Lr21, (Das et al., 2005 ), Lr22, Lr27, Lr28,Lr34, Lr35, Lr38, Lr40, Lr43, Lr46 (Patel et al., 2009 were purchased from the company Gene-link, USA and used to amplify the target loci from each individual ( Table 1 ). The PCR reaction was carried out in a 20µl reaction mixture, which included 0.8µl of each primer set (10µM), 0.4 µl of dNTPs (10mM), 1.5 µl MgCl2 (20mM), 2.0 µl of 10x PCR 1) a - (Das et al., 2005) ; b - (Patel et al., 2009 ); F-forward; R -reverse; N-no. of alleles 2) Allele size (bp) ranges observed in current study buffer (20mM), 0.4 µl (2U/ µl) Taq polymerase (Sure BioDiagonistic and Pharmaceutical), and approximately 50ng of template DNA using gradient thermal cycler (Multigene Optimax, LabNet, USA). The PCR cycles were as follows: five minutes at 94°C, 32 cycles of 1 minute at 94°C, 30sec at a primer-specific annealing temperature, 1 minute at 72°C, and final elongation for 4 minutes at 72°C. Gel electrophoresis: Following the PCR amplification, the amplicons were confirmed for the successful amplification through 5% agarose gel electrophoresis. In case some DNA samples failed to amplify, PCR was repeated for the very missing individuals. Five µl of the PCR product of each individual was mixed with 1µl loading dye (Bromophenol Blue) and loaded on to the 8% non-denaturing polyacrylamide gel along with DNA ladder (marker). The electrophoresis was done in a vertical gel electrophoresis chamber (MV20DSYS, Major Science, USA) at constant voltage (286Volts) for 90 minutes. After electrophoretic resolution of PCR products, the gel was removed and washed for ethidium bromide staining (Fig.2) .
Genotypic data analyses:
The allele frequency, allelic richness (Ar), observed heterozygosity (Ho), expected heterozygosity (He) (Nei, 1987) were calculated with FSTAT ver. 2.9.3.2 (Goudet, 2002) and POPGENE (ver. 1.31) (Yeh et al., 1999) . Linkage disequilibrium (LD) between all pairs of loci was tested using the procedure implemented by GENEPOP ver. 4.2 (Raymond and Rousset, 1995) . The deviation from HWE across each locus was assessed using POPGENE (ver. 1.31) (Yeh et al., 1999) . The statistical significance of deviations from HWE and LD was adjusted using the sequential Bonferroni correction to maintain a within sample type-I error rate of α = 0.05 for each locus. Inbreeding coefficient (FIS) and level of population subdivision per population over loci were estimated by unbiased F-statistics (Weir and Cockerham, 1984) by using FSTAT ver. 2.9.3.2 (Goudet, 2002) . Genetic divergence among subdivisions FST for all pair comparisons between sampling locations were inferred by calculating Weir and Cockerham's (1984) . The significance of the estimates of FST was assessed using 10,000 permutations. Analysis of molecular variance (AMOVA) (Excoffier et al., 1992) was conducted using ARLEQUIN ver. 3.1 to estimate the hierarchical partitioning of genetic diversity. UPGMA dendrogram based on Nei's (1972) unbiased distance was analyzed using TFPGA ver. 1.3 software (Miller, 1997) .
RESULTS

Genetic diversity:
The locus specific pattern of the allelic polymorphism as measured with reference to the DNA ladder is shown in the sample radiograph (Fig. 2) . The genetic diversity statistics across each riverine population has been summarized in Table 2 . All the loci were found to be polymorphic following the P0.95 allele frequency criteria. The number of alleles ranged between 2 to 8 throughout the populations. The polymorphism was observed for all the alleles and allelic size varied between 140-250 bp across all the loci. Two private alleles Lr3170bp and Lr35155bp were observed in the HT and HS populations, respectively. The average number of alleles was maximum (4.4) in the RB population while minimum (4.0) in HQ population ( Raymond and Rousset, 1995) with Markov chain parameters (demamorization 10,000, batches 1000 and iterations 10,000 per batch). To correct for multiple comparisons, a sequential Bonferroni correction was applied to both HWE and genotypic LD tests. After Bonferroni correction for multiple tests, no significant linkage disequilibrium was observed in any locus-pair combination. RB Na 3.000 6.000 4.000 3.000 4.000 4.000 6.000 3.000 8.000 4.000 6.000 4.000 3.000 3.000 5.000 4.400 Ar 3.000 5.999 4.000 3.000 4.000 4.000 5.875 3.000 7.986 4.000 6.000 4.000 3.000 3.000 5. HQ Na 3.000 6.000 4.000 2.000 4.000 4.000 4.000 3.000 7.000 4.000 4.000 4.000 3.000 3.000 5.000 4.000 Ar 3.000 6.000 4.000 2.000 4.000 4.000 4.000 3.000 7.000 4.000 4.000 3.999 3.000 3.000 5. HK Na 3.000 7.000 4.000 3.000 4.000 4.000 5.000 3.000 7.000 4.000 6.000 4.000 3.000 3.000 5.000 4.330 Ar 3.000 7.000 4.000 3.000 4.000 4.000 4.986 3.000 6.907 4.000 6.000 4.000 3.000 3.000 5. HT Na 3.000 7.000 4.000 3.000 4.000 4.000 4.000 3.000 7.000 4.000 6.000 4.000 3.000 3.000 5.000 4.260 Ar 3.000 7.000 3.987 3.000 4.000 4.000 4.000 3.000 6.860 4.000 6.000 4.000 3.000 3.000 5. HS Na 3.000 7.000 4.000 3.000 4.000 4.000 4.000 3.000 4.000 4.000 6.000 4.000 3.000 3.000 5.000 4.060 Ar 3.000 6.953 3.987 3.000 4.000 4.000 4.000 3.000 4.000 4.000 5.988 4.000 3.000 3.000 4. HB Na 3.000 6.000 3.000 3.000 4.000 4.000 4.000 3.000 6.000 4.000 6.000 4.000 3.000 3.000 5.000 4.070 Ar 3.000 6.000 3.000 3.000 4.000 4.000 4.000 3.000 6.000 4.000 5.994 4.000 3.000 3.000 5. Genetic differentiation and inter-population genetic structure: Population differentiation: The population genetic differentiation was analyzed by pair-wise comparison of each population as given in the Table 3 . The values of FST indicated that all the populations were not homogenous. The maximum value of FST was observed in the population pair HS-HK and the minimum value between HB and HS populations. The higher value of FST indicated that two populations HK and HS were genetically more isolated from one another and shared less common genes (FST = 0.0340) and the least value between HB and HS populations (FST =0.006), indicated the genetic relatedness of these two populations. Genetic distance: Unbiased genetic distance between the population pairs indicated considerable variation (Table 4) but most were significant (P<0.05). The maximum genetic distance was found to be 0.0960 (HS-HK) followed by 0.090 (HT-RB), 0.0872 (HS-RB) decreasing by small intervals to the minimum value of 0.0020 (HB-HS). The maximum geographical distance is present between the population pair HS-RB (350 Km) and HS-HK (311 Km). In the riverine populations, the genetic distance measurement inferred maximum genetic isolation between HS and RB populations while the lowest value of genetic distance was observed between HS and HB populations following the hypothesis of isolation by distance. (Table 5) . 
UPGMA dendrogram analysis:
The UPGMA was done by using the software package TFPGA to explore the underlying genetic structure of riverine populations of L. rohita. The dendrogram showed that the populations clustered onto two major branches. The upper cluster included the HS, HB and HT populations while the lower cluster showed the HQ, HK and RB populations together. The highest genetic identity was found among HS, HB and HT populations, with similarity coefficients, 0.9980 (genetic distance, 0.00200) in HB-HS pair and 0.9746 (genetic distance, 0.0257) in HB-HT population pair, respectively. The lowest similarity index was between HS and HK populations with the similarity coefficient, 0.9085 (genetic distance, 0.0960). The first cluster further diverged to show HB-HS populations together while the HQ and HK populations clustered together corresponding to their genetic relatedness (Fig. 3) . 
DISCUSSION
A considerable amount of research work has been done on the nutrition, toxicity, physiology, growth performance, and culture of L. rohita in Pakistan but genetic issues pertaining to the subject species remained unattended. The available genetic data on population genetics of L. rohita owes to limited studies confined to Bangladesh and India. Recently, a preliminary assessment of genetic diversity in selected populations of L. rohita on a limited scale has been reported in Punjab in a couple of studies using RAPD markers (Bhatti et al., 2014) and SSR markers (Sultana et al., 2015) . The reasons obviously include the lack of knowledge about the genetic issues related to the fisheries management and of course the expertise required for the genetic analyses. To assess the impact of stocking programs and other human interventions in the natural fish stocks, this study is the first comprehensive attempt in Pakistan to evaluate the genetic structure of L. rohita in rivers of Punjab. The results obtained from microsatellite loci revealed moderate level of genetic diversity for the subject species in riverine populations. Following 0.95 percent allele frequency criteria, all the microsatellite loci were polymorphic. This is consistent with the results obtained by Alam et al. (2009) who employed four microsatellite loci (Lr3, Lr12, Lr14a and Lr21) to examine the genetic structure of L. rohita collected from three major rivers in Bangladesh. They reported that all the loci were polymorphic. Patel et al. (2009) developed 21 polymorphic microsatellite loci from total 25 individuals of L. rohita collected from river Ganga and reported the polymorphic nature of microsatellite loci in L. rohita. In all the studied populations, the sizes and number of alleles showed variations comparing to the originally characterized microsatellite loci for L. rohita. Except for some populations, the allele size ranges were consistent to those reported by Das et al. (2005) and Patel et al. (2009) . The variations could be attributed to the differences in sample size and sampling locations.
The maximum level of inbreeding was observed in HK population while the minimum in HS population. The lowest value of inbreeding coefficient found in the HS population was also in conformity to high level of genetic diversity assessed from heterozygosity for the same population. FIS values were positive across all the fifteen examined loci except for locus Lr21 in HK population, loci Lr38 and Lr40 in HT population, loci Lr6, Lr21, Lr22, Lr27 and Lr34 in HS population and loci Lr12 and Lr35 in HB population, respectively. Negative values of FIS indicated possibility of recent outbreeding occurring across said loci in these populations. Basak et al. (2014) analyzed the population genetic structure of three riverine populations of Catla catla from the brood bank of Fisheries department in Bangladesh using microsatellite markers. They also observed negative values of FIS and defined them as non-significant values.
The deviation from HWE was highly significant for 33% of the riverine populations. Significant deviations from HWE had been reported in a wide range of freshwater fishes (Castric et al., 2002; Yue et al., 2004) . Non-random sampling, inbreeding, intra-population structure, genetic drift, fishing pressure or collectively all aforementioned factors could be the reason of the heterozygote deficit in natural populations (Bergh and Getz, 1989; Abbas et al., 2010) . In the present study the departures from HWE could mainly be attributed to the deficits of heterozygotes. Alam and Islam (2005) evaluated the genetic variation in three riverine and one hatchery populations of C. catla using eight microsatellite loci and reported significant deviations from HWE due to heterozygote deficiency. Keeping in view the vast scale hydrological alterations in the riverine system of Pakistan, during the second half of the last century, there has been a startling decline in fish biodiversity in the rivers of Pakistan. Migration-drift disequilibrium as a result of hydrological alterations in natural water bodies might be the reason of heterozygote deficiency in all the riverine populations.
To understand the connectivity among populations and to develop conservation strategies, reliable estimates of population differentiation are required. The microsatellite analysis revealed a moderate level of population differentiation among the riverine populations of L. rohita. The values of FST indicated that all the populations were not homogenous. The lowest level of population differentiation was observed between HB and HS populations conforming to a physical connectivity between these two riverine populations. Alam et al. (2009) analyzed the genetic structure of L. rohita using microsatellite markers in three major riverine populations in Bangladesh. They observed low levels of genetic differentiation in a pair of riverine populations while in other sets of populations, there existed nonsignificant population differentiation. They concluded that lack of physical connectivity in riverine population results in ongoing gene flow leading to low differentiation among the populations. The AMOVA revealed that within-population variation was more than among-populations in all the riverine populations. The analysis demonstrated significant genetic structuring in sampled populations, where majority of variance existed within populations. The UPGMA dendrogram revealed two major clusters of the six riverine populations; HS, HB and HT in one cluster while HQ, HK and RB in the other cluster (Fig. 3) . The populations HT, HB and HS are geographically distant but the genetic similarity among these populations was high. This could have resulted from restocking from a single source during the recent years. Further, HB and HS are populations from headworks on the same River Ravi. The floods in the River Ravi during last years could have caused the flood-induced gene flow between these populations (IPD, 2011) . Recurrent flooding events and gene flow between the rivers and alternatively, open water fish stocking and escaping of fish from farms have been resulted in homogenization of gene pools. The lowest similarity coefficient was observed between HS and HK populations while the geographical distance was high in between these two populations. These populations were collected from the locations at head works on two major rivers, River Ravi and River Chenab, respectively. Head Sidhnai is next to Bhureki and is also located in Punjab, Pakistan. The Chenab River discharges through TrimmuSidhnai-link canal to Sidhnai barrage at River Ravi with an apparent geological isolation from HK population. The genetic differentiation between the distant riverine populations is caused by the non-migratory behavior of the species and the presence of non-crossable barriers.
To get away the threats of local extinction and implement conservation measures, studies on morphology, reproduction and molecular genetic aspects of the L. rohita are suggested. Reinforcement of the existing fisheries act and fresh legislation in this connection could be useful. Employment of a composite panel of different polymorphic marker systems and extensive sampling over a wide hydrographic scale may reveal a finer genetic structure of the L. rohita populations and suspected intra-specific hybridization/introgression among major carps. Based on the sound genetic database, population management units could be defined for effective genetic resource management of L. rohita and other commercially important fishes in Pakistan.
